One of the environmental concerns in recent decades is the prevalence of different pollutants in soil. Hence, the importance of remediation has led to the development of various methods to remediate polluted soil. Among these methods, soil washing has gained significant attention to treat polluted soils. In this paper, the response surface methodology was applied in order to determine the optimal conditions for total petroleum hydrocarbon remediation using nonionic surfactant Brij35 in soil environment. The effect of different factors in soil washing process including surfactant solution concentration and volume, washing time, age of pollution and frequency of washing are evaluated.
INTRODUCTION
Soil washing, is one of the most primitive ways of remediation of soil out of pollutants. Today, in order to raise the remediation efficiency through lowering the pollutant exit time, some additive materials are used (Mulligan et al., 2001) . According to the standards of US environmental protection agency, soil is applied to get the soil clear of organic, inorganic and radioactive pollutants (US EPA, 1998) . Therefore, due to the existing limitations in mass transfer associated with highly absorbent oil compounds and also residual saturates, the enhanced soil washing approach using surfactant was developed (Chu and So, 2000; Abdulsalam et al., 2011; Nagheeby and Kolahdoozan, 2010) . However, after using surfactant solution it causes some other types of pollutions. Hydrocarbon's pollutants are more hazardous than surfactant's and also there are various surfactants recovery and reusing technologies for emergency response (Chien and Shih, 2007) . Considering soil washing is not a stand-alone process. After this process, analysis of the washed soil and each of the various waste streams (washed water, fine sediment, etc.) for the identification of contaminants should be done. Some of the technologies for recovering and reusing surfactants from original environments include ultrafiltration (Mulligan et al., 2001) , pervaporation (Lipe et al., 1996) , precipitation (Vanjara et al., 1996) , foam fractionation (Darton et al., 2004) , solvent extraction (Lee et al., 2002) and photochemical treatment (Chu et al., 2005) . However, some of these methods are limited due to high-energy requirements, incomplete separation or the formation of potentially hazardous intermediates (Goyal et al., 2008) . There are three interaction mechanisms between pollutants and soil: Sorption, complexation and precipitation. The general term of sorption (physical, chemical and special surface absorption) is used to describe processes in which the solved material (ions, molecules and elements) are divided between the common boundary of liquids and soil particles. The interaction via complexation and precipitation is created by organic pollutants. Due to the hydrophobic forces on the soil surface, organic pollutants are absorbed physically (Paria, 2008; Bandyopadhyay and Chattopadhyay, 2007; Harikumar et al., 2009) . Organic pollutants, like oil hydrocarbons, colorized pesticides etc., having limited solubility in water, are usually absorbed into soil organic material and clay particles. In principal, the absorption level is a function of the material solubility in water and the amount of organic material present in the soil. The steam pressure of the solved material and the amount of clay in the soil has trivial roles in this regard. The absorption potential of a particular compound into a soil sample is demonstrated by the absorption linear isotherm slope (Stumm, 1992) . The term "surface active agent" is used for a non-homogenous and long-chained molecule consisting of two hydrophilic and hydrophobic parts (Rosen, 2004) . Their structure is composed of both polar (ionized) and non-polar (generally the 8 or 18 carbonatom hydrocarbons) groups (Chu, 2003) . In an aqueous environment, when the surfactant solution concentration exceeds a certain amount, the monomer molecules create a regular colony of molecules, called micelles. This special concentration level is called critical micelle concentration (CMC) (Paria, 2008) . This point also corresponds to when the detergent has the least surface adsorption (Mulligan et al., 2001) . Physical properties, like surface tension, inter-surface tension, adsorption and detergency, change in concentration levels below CMC and there is no change in these properties beyond CMC (Fig. 1) . The surfactant solutions, however, cause significant changes in other physical properties such as density, organic solubilization and equivalent conductivities in lower and higher concentration than CMC. The saline level, hydrocarbon chain length and the type of detergent influence CMC (Mulligan et al., 2001; Paria, 2008) . The life cycle of an individual surfactant molecule in room temperature is estimated at 1 to 100 microseconds (Whiten et al., 1982; Chu, 2003) . Therefore, the micelles in surfactant can significantly increase the solubility of hydrophobic organic material and help remedy soil and precipitations from pollutants, especially for anionic and nonionic surfactant (Edwards et al,. 1991) . The study of these processes is carried out in classical ways which is expensive and time-consuming and also, due to not considering the interaction effects of different parameters, cannot determine the practical optimal conditions. Under these situations, the use of statistical data as an optimization tool is an effective approach. One of these methods is the design of experiment (DOE) approach. The sample of this work was also performed by Rene in 2007 that experiments were conducted according to the 2 k/1 fractional factorial design to identify the main and interaction effects of parameters and their influence on biodegradation of individual ethyl benzene and xylene compounds in mixtures (Rene et al., 2007) . The response surface methodology (RSM) is a combination of mathematical and statistical approaches used for modeling different phenomena and optimizing the experimental results as a function of various parameters.
In this paper, removal efficiency of TPH in soil washing with applying RSM has been investigated. Although due to the effect of different factors in this process, several variables are tested simultaneously with a minimum number of trials according to special experimental designs based on factorial designs. After that the second order model was developed as experimented response and optimal conditions were obtained by analyzing the contour and surface plots and also by solving the regression equation. All of these experiments were conducted in Civil and 
